Box and Hunter [1] introduced the concept of rotatability for response surface designs. The concept of slope-rotatability was introduced by Hader and Park [2] as an analogous to rotatability property, which is an important design criterion for response surface design. Slope-rotatable design is that of which the variance of partial derivative is a function of distance from the design (d). Recently, a few measures of slope-rotatability for a given response surface design was introduced. In this paper, a new method of slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using a pair of symmetrical unequal block arrangements with two unequal block sizes is studied. Further, a study on the dependence of variance function of the second order response surface at different design points for different values of tri-diagonal correlation coefficient ρ which lies between -0.9 to 0.9 and the distance from centre (d) is suggested.
Introduction
Rotatable designs were introduced by Box and Hunter [1] for the exploration of response surface designs. Das and Narasimham [3] developed rotatable designs using balanced incomplete block designs (BIBD). Narasimham et al. [4] constructed SORD through a pair of incomplete block designs. Robust second order rotatable designs (RSORD) were introduced and studied by Das [5, 6, 7] . Rajyalakshmi and Victorbabu [8] studied rotatability for second order response surface designs under tri-diagonal correlation structure of errors using incomplete block designs (IBD), Victorbabu and Chiranjeevi [9] examined measure of degree of rotatability for second order response surface designs using symmetrical unequal block arrangements (SUBA) with two unequal block sizes .
Slope rotatable central composite designs introduced by Hader and Park [2] . Victorbabu and Narasimham [10, 11] developed second order slope rotatable designs (SOSRD) utilizing BIBD and a pair of IBD respectively. Victorbabu and Narayanarao [12] constructed SOSRD utilizing a pair of symmetrical unequal block arrangements (SUBA) with two unequal block sizes. Victorbabu [13] suggested a review on SOSRD. Das [14] inroduced slope rotatability for second order response surface designs with correlated errors. Rajyalashmi [15] studied second order rotatable and slope rotatable designs under different correlated error structures, Rajyalakshmi and Victorbabu [16] constructed slope rotatability for second order response surface designs for under intra-class correlation structure of errors using central composite designs (CCD), Rajyalakshmi and Victorbabu [17, 18, 19, 20] studied slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using central composite designs, pairwise balanced designs, SUBA with two unequal block sizes and BIBD respectively. Sulochana and Victorbabu [21] studied slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using a pair of BIBD.
In this paper, following the works of Victorbabu and Narasimham [10, 11] , Victorbabu and Narayanarao [12] , Das [14] , Rajyalakshmi [15] , Rajyalakshmi and Victorbabu [8, 16, 17, 18, 19, 20] here a study of slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using a pair of SUBA with two unequal block sizes is studied. Further we study the variance function of the estimated slopes for different values of tri-diagonal correlation coefficient ρ which lies between -0.9 to 0.9 and the distance from centre (d) is suggested. A second order response surface design D = ((x iu )) for fitting,
where X iu denotes the level of the i th factor (i=1,2,…,v) in the u th run (u=1,2,…,2n) of the experiment, e u 's are correlated random errors, is said to be slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors, if the variance of the estimate of first order partial derivative of   u 1u 2u 3u vu Y X ,X ,X ,...,X with respect to each independent variable   i X is only a function of the
3u vu X ,X ,X ,...,X from the origin (centre of the design). i.e,
. Such a spherical variance function   2 h d for estimation of slopes in the second order response surface is achieved if the design points satisfy the following conditions (cf. Das [5, 7, 14] , (Rajyalakshmi [15] ).
Following Box and Hunter [1] , Hader and Park [2] , Victorbabu and Narasimham [11] , Das [14] , Rajyalakshmi [15] , Rajyalakshmi and Victorbabu [8, 16, 17, 18, 19, 20] the general conditions for second order slope for rotatability under tri-diagonal correlation structure of errors can be obtained as follows. To simplify the fit of the second order response surface from design points D utilizing the method of least squares, the following simple symmetry conditions on D to facilitate easy solutions of the normal equations were imposed. 
where c, 2 γ and 4 γ are constants. The summation is over the designs points, and ρ be the correlation coefficient.
The variances and covariances of the estimated parameters under the tri-diagonal correlation structure of errors are as given below.
 and the other covariances are zero.
An inspection of the variance of 0 β  shows that a necessary condition for the existence of a non-singular slope rotatability for second order response surface designs under tri-diagonal correlation structure is
From (2.13), we have,
The condition (2.14) exists then only the design exists.
For the second order model,
The condition for right hand side of equation (2.15) to be a function of the distance
On simplification of (2.16) using (2.9) and (2.10) leads to
Equation (2.18) is similar to slope rotatability condition for second order response surface designs suggested by Victorbabu and Narasimham [10] .
Therefore, equations (2.2) to (2.12), (2.14) to (2.17) give a set of conditions for slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors for any general second order response surface design. Further,
Slope Rotatability for Second Order Response Surface Designs under Tri-diagonal Correlation Structure of Errors Using a Pair of SUBA with Two Unequal Block Sizes
Following the methods of constructions of Das [5, 7, 14] , Victorbabu and Narasimham [10, 11] , Rajyalakshmi [15] , Rajyalakshmi and Victorbabu [8, 16, 17, 18, 19, 20] , here a study on slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using a pair of SUBA with two unequal block sizes is studied. Let ρ be the correlation errors of any two observations. are extended to 2n (=N) design points by adding n 0 (n =n) central points (0, 0,…, 0) just below or above the non-central design points. Here, the total number of design points of the slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using a pair of SUBA with two unequal block sizes are 2n. The method of construction of slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors is given below. 
will give a slope-rotatability for second order response surface design under tri-diagonal correlation structure of errors in N = 832 design points. From (3.2) to (3.4) we have, 
The variance of estimated slopes of these slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors for tri-diagonal correlation coefficient ρ lies between -0.9 to 0.9
for v = 12 factors are given in Table 1 . Table 2 . A study of dependence of estimated slope second order response surface design under tridiagonal correlation structure of errors using a pair of SUBA with two unequal block sizes at different design points for v =12 factors for different values of , d and ϭ=1 is given below d=0.1 d=0.2 d=0.3 d=0.4 d=0.5 d=0.6 d=0.7 d=0.8 d=0.9 d=1 -0.9 0.001161 0.001266 0.001442 0.001688 0.002005 0.0023914 0.002848 0.003376 0.003974 0.004641 -0.8 0.002413 0.002657 0.003062 0.003631 0.004361 0.005254 0.006308 0.007526 0.008906 0.010448 -0.7 0.003696 0.004101 0.004775 0.00572 0.006935 0.008419 0.010173 0.012197 0.014491 0.017055 -0.6 0.00491 0.005479 0.006426 0.007752 0.009457 0.011541 0.014004 0.016845 0.020066 0.023666 -0. 
A Study of Dependence of Variance Function of the Second Order Response Surface at Different Design Points
Here, we study the dependence of variance function of response at given design points of slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors using a pair of SUBA with two unequal block sizes. Given v factors different values of tri-diagonal correlation coefficient ρ and distance from centre d, the variances are tabulated between 0 and 1.
In equation (3.9), if we take, ρ =0.1, d=0.1 and ϭ = 1, we get,
The numerical calculations are appended in Table 2 .
Conclusions
From Tables 1 and 2 we observe that 1. Suppose the values of ρ increases, slope rotatability value is decreases. 2. For ρ=0, the variance of estimated derivatives of slope rotatability for second order response surface designs under tri-diagonal correlation structure of errors is equal to the slope rotatability for second order response surface designs uncorrelated errors. 3. For given v and ρ, the variance of the estimated slope increases as d increases. 4. For given v and d, the variance of the estimated slope decreases as ρ increases.
